Experimental
1
H NMR spectra were taken in CDCl 3 at 250 MHz, 300 MHz, 400 MHz or at 500 MHz and are reported in ppm using solvent as internal standard (CDCl 3 at 7.26 ppm or C 6 D 6 at 7.16 ppm) unless otherwise indicated. Data are reported as s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sext = sextet, ap t = apparent triplet, m = multiplet, br = broad, td = triplet of doublets, quint d = quintet of doublets, coupling constant(s) in Hz; integration. Proton-decoupled 13 C NMR spectra were taken in CDCl 3 at 62.5 MHz, 75 MHz, 100 MHz or 125 MHz and are recorded in ppm using solvent as an internal standard (CDCl 3 at 77.0 ppm or C 6 D 6 at 128 ppm) unless otherwise indicated.
Compound 3
To a stirred solution of para-anisaldehyde (4.0 mL, 3.3 mmol) in dry toluene (4.1 mL), were added propane-1,3-diol 2 (2.4 mL, 3.3 mmol) and p-TsOH (catalytic amount). The mixture was refluxed for 18 h in a DeanStark apparatus for the azeotropic removal of water. The reaction was cooled to room temperature and evaporated under vacuum. The crude product was used in the next step without purification. To a solution of the intermediate acetal (3.3 mmol) in toluene (10 mL) was added DIBAL-H (17.6 mL, 1 mol L -1 solution in toluene) dropwise at -78 ºC. The solution was slowly warmed to 25 ºC and stirred at this temperature overnight. The mixture was diluted with toluene (4.5 mL) and cooled to 0 ºC, and methanol (4.5 mL) and water (4.0 mL) were added dropwise. The mixture was stirred at 25 ºC for 3 h. The reaction mixture was diluted with ethyl ether, the phases were separated, and the aqueous phase was extracted with diethyl ether. The combined organic extracts were dried over MgSO 4 , filtered and concentrated. Purification by flash column chromatography (hexane:EtOAc, 60:40) gave 3.17 g (16.2 mmol) of alcohol 3 (56% yield, 2 steps).
1 H NMR (CDCl 3 , 300 MHz): d 1.84 (quint, 2H, J 5.68 Hz), 2.25 (brs, 1H), 3.62 (t, 2H, J 5.68 Hz), 3.75 (t, 2H, J 5.68 Hz), 3.80 (s, 3H), 4.45 (s, 2H), 6.87 (d, 2H, J 8.4 Hz), 7.25 (d, 2H, J 8.4 Hz) ppm.
13 C NMR (CDCl 3 , 75 MHz): d 33. 1, 56.2, 62.8, 70.0, 73.9, 114.7, 130.2, 131.0, 160 To a solution of oxalyl chloride (1.7 mL, 19.8 mmol) in CH 2 Cl 2 (72 mL) at -78 °C was added dimethyl sulfoxide (3.26 mL, 45.98 mmol) over 30 min. To the resulting solution, alcohol 3 (2.99 g, 14.37 mmol) dissolved in CH 2 Cl 2 (14.0 mL) was added by cannula. The mixture was stirred for 30 min, and Et 3 N (10.0 mL, 71.85 mmol) was added dropwise. The reaction was allowed to warm to room temperature (30 min), and water (86 mL) was added. The phases were separated and the aqueous phase was extracted with CH 2 Cl 2 (2 × 80 mL). The combined organic layers were washed with brine and dried over 51.4, 55.3, 67.9, 72.7, 113.8, 122.4, 129.3, 130.1, 146, 159.2, 159.23, 166.9 To a suspension of sodium hydride (60% in Nujol, 400 mg, 10 mmol) in anhydrous THF (10 mL) at 0 o C was added a solution of homoallylic alcohol 8 (360 mg, 5 mmol) in anhydrous THF (10 mL). The mixture was stirred at 0 o C for 30 min, and a solution of PMB-Cl (1.0 mL, 6 mmol) in anhydrous THF (5 mL) was added dropwise. After stirring for 10 h at room temperature, the reaction was quenched by the addition of an aqueous saturated NH 4 Cl solution (10 mL). The clear layers were separated, and the aqueous phase was extracted with ethyl acetate (2 × 15 mL). The combined organic layers were successively washed with water, brine and dried over anhydrous Na 2 SO 4 . Removal of the solvent under vacuum afforded crude product, which was purified by column chromatography using hexane/EtOAc (97:03) to give the p-methoxy benzyl ether 9 (760 mg) in 80% yield as viscous oil. To a solution of ester 4 (1.07 g, 4.3 mmol) in CH 2 Cl 2 (61 mL) at -40 °C was added DIBAL-H (2.3 mL, 12.9 mmol). The reaction was stirred at -40 o C for 4 h and transferred by cannula to a 1:1 solution of Et 2 O:sodium tartrate (saturated aqueous solution) (61 mL). The mixture was stirred at 25 ºC for 1.5 h. After this period the phases were separated, and the aqueous phase was extracted with Et 2 O (3 × 30 mL). The organic extract was dried over MgSO 4 , filtered and concentrated. Purification by flash column chromatography (hexane:EtOAc, 60:40) gave 0.7 g (11.4 mmol, 90% yield) of alcohol 5.
Procedure 2
To a stirred solution of cis-2-buten-1,4-diol 10 (214 mg, 2.4 mmol) and p-methoxy benzyl ether 9 (155.5 mg, 0.8 mmol) in anhydrous dichloromethane (4 mL) was added Hoveyda-Grubbs catalyst 11 (5.1 mg, 0.008 mmol). The reaction mixture was stirred at room temperature under a nitrogen atmosphere for 4 h. The solvent was evaporated under reduced pressure, and the residue thus obtained was purified by flash column chromatography using hexanes:EtOAc (8:2) alcohol 5 (7.2 g, 32.4 mmol) in CH 2 Cl 2 (32.4 mL) was added by cannula. The reaction mixture was stirred for 40 min at -78 °C, and t-BuOOH (15.6 mL, 77.8 mmol, 5.6 mol L -1 solution in decane) was added. The reaction mixture was stirred at -78 o C for 20 h, quenched by addition of H 2 O (3.4 mL), and filtered through a plug of celite. The phases were separated, and the aqueous phase was extracted with EtOAc (3 × 5 mL). The combined organic extracts were dried over MgSO 4 , filtered and concentrated. Purification by flash column chromatography (hexane:EtOAc, 20:80) provided 0.78 g (11.4 mmol) of alcohol 6, in 70% yield.
[a] D 20 +22 (c 1.13; CHCl 3 ). 53.7, 55.3, 58.3, 61.7, 66.5, 72.7, 113.8, 129.3, 130.3, 159 .2 ppm. IR (film) ν max /cm -1 : 3433, 2935, 2864, 1606, 1514.
To a solution of oxalyl chloride (0.78 mL, 9.24 mmol) in CH 2 Cl 2 (20 mL), was added DMSO (1.31 mL, 8.29 mmol) dropwise at -78 ºC. After 15 min a solution of alcohol 6 (1.1 g, 4.62 mmol) in CH 2 Cl 2 (7 mL) was added by cannula, and the reaction was stirred for 30 min at -78 ºC. After this period Et 3 N (3.21 mL) was added, and the resulting solution was stirred for 20 min at -78 °C and for 10 min at 25 °C. Then, water (30 mL) was added, the phases were separated, and the aqueous phase was extracted with CH 2 Cl 2 (3 × 10 mL). The combined organic phases were dried over MgSO 4 , filtered and concentrated. The aldehyde was used in the next step without prior purification. To a suspension of NaH (0.144 g, 6 mmol, 60% suspension in mineral oil) in THF (17 mL), was added ethyl diethylphosphonoacetate (1.18 mL, 6 mmol) at 0 °C. The suspension was stirred at this temperature for 10 min, and a solution of the aldehyde (1.09 g, 4.62 mmol) in THF (7.7 mL) was added dropwise. The reaction was stirred for 30 min, until analysis by thin layer chromatography showed the absence of starting material. A solution of NH 4 Cl was added at 0 °C, and the phases were separated. The organic phase was washed with saturated aqueous NaCl solution, and the aqueous phase was extracted with ether (3 × 10 mL). The combined organic phases were dried over Na 2 SO 4 , filtered and concentrated. The residue was purified by flash column chromatography (hexane:EtOAc, 90:10) to give 1.15 g of 14, in 81% yield over two steps.
[ To a solution of epoxide 14 (0.92 g, 3 mmol) in CH 2 Cl 2 (30 mL) was added trimethylaluminum (15 mL of a 2 mol L -1 solution in toluene) at -40 °C. The mixture was stirred at -40 °C for 15 min. Then, water (0.32 mL, 18 mmol) was added dropwise, and the resulting solution was stirred for 1.5 h at -40 °C. The reaction was quenched by addition of aqueous saturated ammonium chloride. The phases were separated, and the aqueous phase was extracted with CH 2 Cl 2 (3 × 10 mL). The combined organic phase was dried over Na 2 SO 4 , filtered and concentrated. 15.4, 33.6, 42.6, 55.3, 60.3, 69.1, 73.1, 74.5, 113.9, 121.8, 129.4 129.8, 150.6, 159.3, 166.6 To a solution of ester 15 (0.242 g, 0.75 mmol) in DMF (2 mL), was added imidazole (0.51 g, 7.5 mmol), followed by tert-butyldimethylsilyl chloride (0.678 g, 4.5 mmol), and the mixture was stirred at 25 °C for 18 h. The reaction was quenched by addition of water (2 mL), and the phases were separated. The aqueous phase was extracted with ethyl ether (3 × 5 mL). The combined organic phase was washed with water (2 × 5 mL), dried over Na 2 SO 4 , filtered and concentrated. The resulting residue was purified by flash column chromatography (hexane:EtOAc, 95:5) to provide 0.206 g of the intermediate ester in 80% yield.
[a] D 20 +25 (c 1.1, CHCl 3 ). 6, 14.1, 14.5, 18.2, 25.9, 34.2, 42.2, 54.4, 59.9, 66.2, 72.3, 72.5, 113.8, 121.9, 129.2, 130.9, 150.5, 159.5, 165 To a solution of this ester (0.151 g, 0.358 mmol) in CH 2 Cl 2 (4 mL), was added diisobutylaluminum hydride (1 mL of a 1 mol L -1 solution) at -78 °C. The reaction was stirred for 1 h at -78 °C until complete consumption of starting material. The reaction mixture was added to a solution of Rochelle salt (6 mL) at 0 °C, stirred for 1 h, and filtered through a pad of celite. The phases were separated, and the aqueous phase was extracted with CH 2 Cl 2 (3 × 10 mL). The combined organic phases were dried over Na 2 SO 4 , filtered and concentrated. The resulting residue was purified by flash column chromatography (hexane:EtOAc, 80:20) to provide 0.120 g of alcohol 16, in 68% yield for the two-step sequence.
[ 4, 14.8, 18.1, 26.0, 32.9, 41.9, 55.2, 64.0, 67.1, 72.7, 72.7, 113.7, 129.2, 129.3, 130.6, 134.8, 159 
To a solution of allylic alcohol 16 (0.118 g, 0.3 mmol) in CH 2 Cl 2 (3 mL) was added diacetoxy iodobenzene (BAIB) (0.116 g, 0.36 mmol) followed by (2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO) (0.0094 g, 0.06 mmol). The reaction was stirred for 3 h, and a solution of Na 2 S 2 O 3 (6 mL) was added. The mixture was stirred for 25 min, and the phases were separated. The aqueous phase was extracted with CH 2 Cl 2 (3 × 10 mL), and the combined organic phases were dried over Na 2 SO 4 , filtered and concentrated. The residue was purified by silica gel flash column chromatography (hexane:EtOAc, 90:10) to provide 0.099 g of the intermediate aldehyde 17, in 84% yield. 14.5, 17.1, 26.1, 34.5, 42.3, 55.3, 66.0, 72.2, 72.7, 113.4, 129.1, 130.3, 132.7, 159.1, 160.3, 194.2 (CH) (2Z,4E,6R,7S)-Ethyl-7-(tert-butyldimethylsilyloxy)-9-(4-methoxybenzyloxy)-6-methylnona-2,4-ienoate (18) To a suspension of NaH (60% in mineral oil) (0.013 g, 0.56 mmol) in THF (3 mL) was added a solution of 2-(bis(toluiloxi) phosphoryl) ethyl acetate (0.244 g, 0.7 mmol) in THF (2 mL) at 0 °C. The suspension was stirred at this temperature for 10 min. The mixture was cooled to -78 °C, and the above aldehyde 17 (0.090 g, 0.23 mmol) in 2 mL of THF was added dropwise. The reaction mixture was allowed to warm to 0 ºC and stirred for 1 h. A saturated aqueous solution of NH 4 Cl (10 mL) was added at 0 °C, the phases were separated, and the aqueous phase was extracted with Et 2 O (3 × 10 mL), and the organic phases were dried over Na 2 SO 4 , filtered and concentrated. The residue was purified by flash column chromatography (CH 2 Cl 2 :hexane, 90:10) to give 0.077 g of 18, in 70% yield.
[a] D 20 +25 (c 0.6, CHCl 3 ). -4.4, 14.2, 15.0, 19.1, 25.8, 33.9, 42.8, 55.3, 59.8, 66.7, 72.4, 72.6, 113.7, 115.9, 126.8, 129.2, 130.6, 145.3, 147.0, 159.1, 166.5 (2Z,4E,6R,7S)-Ethyl 7-(tert-butyldimethylsilyloxy)-9-hydroxy-6-methylnona-2,4-dienoate (19) To a solution of PMB ether 18 (0.060 g, 0.12 mmol) in CH 2 Cl 2 (4 mL) and pH 7 buffer (0.4 mL) at 0 o C, was added DDQ (0.190 g, 0.84 mmol). After 15 min, the reaction mixture was diluted with CH 2 Cl 2 (40 mL) and pH 7 buffer (20 mL), warmed to room temperature, and the phases were separated. The aqueous phase was extracted with CH 2 Cl 2 (3 × 10 mL), dried (Na 2 SO 4 ), and concentrated in vacuum. 4, 4.5, 14.2, 14.6, 18.0, 25.8, 35.4, 42.6, 59.8, 60.1, 73.8, 116.2, 126.9, 145.03, 146.7, 166 .5 ppm.
(2Z,4E,6R,7S)-Ethyl 7-(tert-butyldimethylsilyloxy)-6-methyl-9-oxonona-2,4-dienoate (20) To a solution of alcohol 19 (0.035 g, 0.1 mmol) in CH 2 Cl 2 (2 mL) at 0 o C was added diacetoxy iodobenzene (BAIB) (0.065 g, 0.2 mmol) followed by 2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO) (0.0065 g, 0.04 mmol). After warming slowly to room temperature, the reaction mixture was stirred for 16 h and then was diluted with CH 2 Cl 2 (5 mL). The mixture was treated with a saturated aqueous solution of Na 2 S 2 O 3 (5 mL) and stirred for an additional 30 min. The phases were separated, the aqueous phase was extracted with CH 2 Cl 2 (3 × 10 mL), and the combined organic extracts were dried (Na 2 SO 4 ) and concentrated under vacuum. The crude residue was purified by flash chromatography (CH 2 Cl 2 :hexane, 9:1) to afford aldehyde 20 (0.016 g, 47%) as a slightly yellow oil. 5, 4.6, 14.2, 14.9, 18.0, 25.7, 43.3, 48.2, 59.9, 70.9, 116.7, 127.6, 145.2, 144.6, 166.4, 201.6 ppm. Figure S1 .
